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(54) OVERSAMPLING-TYPE CLOCK RECOVERY CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an 
oversampling-type clock recovery circuit, where 
deterioration of jitter characteristic can be prevented, a 
satisfactory clock can be generated and the area 
efficiency of the circuit and the power efficiency and the 
distribution efficiency of the block are satisfactory, 
particularly, even when the circuit is adapted to a 
transceiver having multiple serial input/output channels. 
SOLUTION: The supply for differential clocks CLKa and 
CLKb is received, and the phases of the differential 
clocks CLKa and CLKb are controlled by a phase control 
circuit 1 1. A delay-locked loop(DLL) 12 generates the 
clocks CLK1 to 16 of 16 phases, based on differential 
clocks CLKc and CLKd whose phase are controlled by 
the phase control circuit 1 1 , and the clocks are supplied 
to a phase comparator PD2. A control voltage V2 
generated by a phase control signal, based on phase 
difference information (UP and DOWN signals) outputted 
from the phase comparator PD2 is fed back to the phase 

control circuit 11, and it is used for controlling the phase of the differential clocks CLKa and 
CLKb in the phase control circuit 1 1 . 
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(57) iwm 

Hift^O-y^CLKa, CLKbOttlft* 
gfrt. ii?n7?CLKa> C LKb<D{4ffi$rftffl$i] 
WEISS 1 1 fci OtWPt* . (4ffl$iJffl0SS 1 1 tc J: Dffl 
ffl$iJ$Sft£lli!)?n-y?CLKc, CLKd£x;fc:. 
3Uin>y^;P-r (DLL) I2fi, 16ffl«?0 7? 
CLKl~16££j£L, £ft.*ffiffiJt«HPD2fc:« 

(UP, DOWNflf) fcg^fcflDffii&MI^J: 9 
a, CLKbflfflHWCffilf^. 
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[fSifcJSl] A*«<t4r-^*fiHi^Wr6*»^> 

tyry y^s? o -y ? y ^y Httfcfcwt , iwe* 

co? n -y ? L . 1fneffiffiJtttfi(ctttftt&S8n 

wmmzm^ ^rzimmmm^mmmmmmz 

O-y^'J^A'iJUlSS. 

-ran^s i kib»?>*-a*— 9-yr y y?m? o ? 

i (ciaa*)*-^— frvry y^a^ d y ? y #a 
y®8&. 

<s> ? n -y ? cottffi £fr ^ 7 n -y ? y ii a' y Hl&KW L , 

y v/l^^n -y ? y # a'u 0BtHW 

£. 

[0001] 

T#fc7*-^*»fe^n-y^tf5»aj*ffd^O«y^y*A* 
'J £fc(±J* tytltz? O -y ?fc*f LTIIIB&rWeffi 

»J/D77 Ojfi&gC|S!JW£ fc Sfiffin -y 
(Phase Locked Loop: PLL) CfcWC 
MSivO*4. ^*cor-/-o^^c7)^a-y^y^A'>j 
HIBt, -ffi<9?n-y?£ffli\ ^0>y^<7)l*^4% 
±# 0 £ 1 t'-y h^r-^t^S-it-CiafflJtiiSSrfi 1 ^ 
t><036**-5/£. d^)Mtl±< r-^L—hii^o-y? 

bps I^Hctri t ? a -y GH z v*JW) 

mmwaz u&wtuf & <o-f . ? a y ? y * a- »j mi^wt 

ffia -y (PLL) wm&fonmtktSi. & i 

Witf. |1«D»^-7(PLL) 
tC*4il6«BWW««» (Voltage Controlled Oscil 
1 ator : V C O ) Of8gE$ifc£ GHz WDKfltt 

- h i 0 Eifc&Offiv *ffi«tf>|«:**R0>* o -y ? T9- 
yry yf-f&x-^-y-yyv y?W7V"/ 9 y #a' 

•y ? y #a*>j msst'ti. ? o ■■/ ?<o$i&#tf):£-*=>±a < o 



*. 5J--A-- 9-yry >^a^o-y^ y^A'ummci: 

7(a) tZTfrt* 0lZT-?V-h fc*t l2tt<Dl<7)? 

0 y ^ jBtHBrc 2 fiw>* w w yroynm® 

£\ 4ffl<7)^n-y^CLKl~4S-fflV^ii:i:^l). 
f f -^lx-HcitL84W)l^n«sr^««aBrC 

2fem-rt-*ry7vy?*'fiomi\t. mi (t>) 

tc*-tJ:5^16ffl0^n-y^CLKl~l 6$rfflv^ 

[000 2] fc.I<!>T\ *-a*— tfyryyT'M^n-y 
9»*tV)Wlfc*S^X\t. 0-4 34 9^ 

U. S. Patent5694062(Ctra*§itl>J: 

3MB?o-y?i:^d. ) ZnEMWtMSi (VCO) 
4litUrv^. J2lTfc:, l24 5r#^LT^ffl^n-y^& 

>y^y^A-ijniss^o#iiBs-rs. ta4«. ta!*^~^j 
(tjjT-a— tyry y o y ^ y #A*y [giS4 o« 

^D y^[USgE|-CJ)S„ i*Ui» 16ffi^ffl^O-yi7 

^A*y|lIK4 0fcV^. «E$fJ«^ffifi4 1(i. 8m 
^»A*-y 7 r ££&LT&£1»E#]fflGt5£t& (Voltage 
Control Delay Line) 4 2 5r^Tli^$ilTt3 0. 
fflRkttti^ai^L***^. 16fflO^D-y^ (Hlft 
^D-y^8ffl) (i^3!!lSgf513{i^<016 
fflco^^n-y^Sr^tt. ^-a'—9->T y y?1j£<0 

cOfiffiitKS (Phase Detector) P D 2 O-^-ft-^ftti, 

1 6fflc0^ffl^o-y^<7)d*>3i^-r'l>3fflco^n-y^S: 
JBV\ A^SilSvyr^A^r-^fc^T-fifflJt® 

^ffa. fifflJti^PD2«, ^O y^*5A^T-^t= 
#*ffl*'t6. fl^Sg?13«, iOUPft#, DO 

■hT-^^m^znmt^ . ®jfflimEV4tca^$B 

o >y ^ ^>JHttR fc (iifflOSP Srff V M 6 ffiOiMI ^ 
o-y^Sr^L-C, A^Sltfl 3tc«*&-rs. 1241c 
It. Z<n®mm&V4 ££jSL~t&ti#)Cr>ffifck Lf, ft 
-fMaiHSIl 5fc, f-^-^yr (Charge Pump) C 
P2fc, a-A'X7-f/W^ (Low Pass Filter) LPF 
2fc£MjKL£. ffi-^JJMUlSSl 5£(i, ^S^@SS. 

li. ^ffl^o-y^^ft^J&a^l 3ttt»$*i6«K# 
ffi^ o -y ? *MWl*6»fe*««-*fc:3SaW-* kHB*t 
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KyHM&4 0fcJ:*lfcr» 2. 5Gbp s<T)i/VT)V\1) 
f*-^S:»t**-&, 9Uv9mm±3l2. 5MH 
z ( JSJ83 2 0 0 p s ) k §*U ME®fflWm4 W 
CD&mW<-y 7tIJ200ps coteffiMm&ffflt 
h. ZtlizX*). 2 0 0ps-fo{4ffi<7)Wcl6ffl<0 

[0003] 

— tyry y/S ?o >y ? y j&aOJ BH-ctt, 3 

izmw? a >y ;? y # A 'J EI8&4 0 fcftWiitf , I C f- 
V r±fc^O«fflWt»HR*4 1 jWSrtEt* -I k C=5: 

S. -rfUciO. f-+y*/P«5l»t«EBt!llllHB«4 
fcfc*. 4fc* *fflWWHMMU HRfcilW***9e 
-ofcU %Wv>y?*%^V*Mzmk$ht-f 

^*y*/W=*tLT-okU #ffl?n-y?£#?-vy 

[0004106 iZTjkfX 0 fc. y*;uc h 1 ~ 
c h ( n ) mz. m^!m& 1 3 hffiffifilMilK 1 1 £ 

*r$-£ji--A'— txry y/S^o -y ? y#^y 0S& 

6 0 ( l~n ) SrlSttS. ifc. «BEM*ft&tt5 1 * 
^T^3*l*ffifflny?/I/-7 , (PLL) 5 0£- 

(H60lt««^16ffl) £4*U &7o.y:?y#A* 
'J ESS 6 0 ( 1 ~ n ) izmrtl . »f+^c h 1 

■f, fifflO-y^;W-T5 0*»^<0^ffl^n.y^*SttJX 

dikk&l.. dtf>%&. &1-*>*MzttLxmE.M 
#B8S*W— 3 fc =5ro T , ICf-y 7-±(c^SS[Omff flJ 

y*^c h 1 ~c h ( n ) te*t 
£itf:tf>. ^u^OftEtfSfik&l). flUff. 16 



/N'-y^ryy^Wc^Bgm^ti^AWi:^ 
6. LtztfnX. ?u>y?<7)Mi%)miffli&\ 4 
tz. 1 6ffli<7)#ffl^n-y^Offli:fflOEIPi (fiffiH) 
fcjBlfcfllofc* 4**+ y*/Utf);? a >y ? >J tf^'J 0 

ss 6 o fc#iw* - 1 i*mibxmmx'h& . Lfttfo 

T. #ffl?a7?OftOCF£i£<VtkV^|3mtf5? 
iHT**^. SfeKJi, 06t^L>tJ:ot^ #f-vy 
^khl~ch (n) <9;?n>y?>J#A'yES&60<0 
WfWi, £ffi?O7?kA^T-?k«0{afflifc 

KiSrifofca, xj)T—?t?vy?t<r)mx'imnn 

ffifflffiWDK 1 1 h 1 ~c h ( n ) 4* 

\,z8®i>-m\,z%h. zmmwmi u*. s^w 
[00053 *wMtw±<»mmki l z&nhfgffi l zm. 

^■flg^*- A*--9-yry y^S^ d 7 ? y Ay msssr 

jtf-vy^vt-T&t h h^y^-'^zMfcltzWrSiz 

m?vy? y ^ A-y msssr z t immt-ti . 
a*:, &+*>*Mzim trz^izh. 0ss^®a«) 

yr y y w?V y 0SSSrS«-r & c: k 5rP 
Sk-tS. 
[0006] 

<7)?a>y?X**)~yTV y/UTfiffiitKSr^d^O 

— yv? y y/M^ n 7 ? y n* y sssicfc v ^x , ma 

■y^ofiffl^sKtp-rsfiffliiofflisffiks iyie{affl*jffli0 

gco^ o -y ^ , mimmmiz&m&mm 
wy9)v-rt*ffiz-. mumi&mfrbfthztih 
mmsms&K vz&mmmzmmmwm 
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[0007] tzbttft&m i (rmwm-x-yy 

TV y9M9 $J<V EIHKi, itWft'J*®L<?>? o 
•*?*>#»fc»t, SffliSiJffll(slKfc:J:-5TmieikS8W^ 

7frbW£ov9 lb— 7 (Delay Locked Loop : DL 

& . Lfc#o-c*Hiwii i owm*- ><— y * 

< , JfcWfcHRtf) ? a >y 7 £ #ffi"t*Uf <fc V WT« £ffl 

tr 5 *re. a •>/ 9 \z-o \ &mmz ft o 

Wm£mkt& Z fc * ? -C# l> . I*bfc . m£9 'J r 

< AiizmftmxztintLmmmv i o<wct 

T . ? n -y ? 'J * <0«fWWH^gHci<lt-r £> . 
[0008] 4fc*{BBW2 WJWWi, #ifl$33 1 0M 
W-A-fy7 'J ? n ? y #Ay Qiftfcfe 

[0009] 4fc*a«»3 OJKBtt, *tBH^ 1 «>» 
bW)*-a- y O -y ? 'J ^A'U EiBCfc 

[00010] -«r*>%*fflWIS3^««<0*wW 

xry y/n? o -v 9 y # a y ranti, o * ? 

<0*»3&»t, ffiffiiMt»lHl»{c«t^T|!rlB*ffl<0^n-y 
?0>ffi«fc«l»U frlB#ffl0^n.y^*^SSo-y^ 
/l—Tfc «t r>xmtimtz<£g%i!&m&8.<09 o y ? 
(£ffl?n.y?) ££j£U («BJfcllR*fT3«Wt£S 

mffilW^ilfs (VCO) bhWtffl&uv9)V- 
T ( P LL) fcffiBfcflSR*)? o -y ? £ ftf «*&tcT' 



sWH4U*. *itiSm3(0%BJ<03j--^'— 
y n v 9 'J X? a' y niJSt J;*Uf . ttffilMMilB 
&tf3IBn -y ?/l/-7-£JiMf «fj££-f 6?)T\ v-y 
tt<0«^*ffl<;k*<ffi«*ft*«rKl: ! 5r6i:V^ 

[00 113 

-rt-*rvrv w9v *y<y mK(co$Bis 

[0012] WSfcii^-CIJ, r-^ h 2 . 
5Gb p s<r>UV7)lXf}T-9^. Zcr>T-9U-h 
t*tL8^1<7)3 1 2. 5MHxC09o-y9mmX' 

th. 07 (b) iZ^-fXoiZ. ^O-y^tt 

ffiKl 6ffl^ffl?0 7;CLK 1~1 6*^t^ 
6. 

[ 0 0 1 3 ] 12 1 it*mico-m&<v&B0)*-rt-y 

yy \) n -y ? y ij^) 08S 1 0 SrjjrtT'o -y ^ 

ebbc**. *mmwn*-><--+r>7 x )>?M.9 

□ v^y^yiUBlOtt. A^S^T-^ (data) 
Srfiffl^M^rl. 1 6fflc0^o-y^CLKl~l 6W 
r'J yi/UTfifflitlgSrff^d 8fflo(afflitS2fffPD 2 

(UP S DOWNfi#) lca-^V^T?n-y^CLKl~ 
1 6(Wm$MW-tZ>*-^-V>7 ) J>?'M9u>y9 
V#>VJ®MX'b&. L*»L, 16ffl^a 7 ?CLK 
1-16 *tt8Htt£ttffiMflK-6 tcOT'{i : 5:< . 1 6ffl 
Oi/O-y^CLKl-l 6^ML-C^TJ>I.21S<7)? 
D7?CLKa, CLKb««ft*»t, fiffl«Offll|lISS 
ll(:J;DA 1 !ii>«2ti^D.y;CLKa, CLKbcO 
fiHBtlW't*. 2W07?CLKa, CLKbti 

t i> izmmii 312. 5MHzt. wsmz^mmtzh 

tzh 1 6 0 0 p s«»tfflffl* t jW:6««tt*Jftt«)<0T 
4fe» SMo-y^/U-T (DLL) 1 2fr\ fiffl 
©J»HIS&1 I*»£ffla3*i*«»?n>y?fc7cfc, 16 
Wn7?CLKl-l 6Sr4^L, Clii2:(iffiJt«!5 
»PD2t=«»r6. S^(C> ffi«lt«»PD2*»4>aj 
^StlSfiffllHPS (UP, DOWNflJ*) tz&S^ti: 

mmm^izx "j4«s*l6«iswev 2 

in»i lfcwas**. fiffiSflwuiBi lfcfi^r, ; 

<T)ffimZtltlWmJ£V2Zm9u>v?CLKa, C 
LKbcO&ffiSIMCfflV^. 

[00 14] 4*M9»JBfc*JV^TI4, Hil^O-y^CL 
Ka, CLKbSrffifflD-y^^-T (PLL) 20t«t 

0^Ltt*&LTV^. (JfflO7?^-r2 0li, «E 
©Jffll^iiS2 Ik, «Iiitc8NK$^MIItdRjBfil»D I 

v 1 k , {amiSiP d 3 1 . ft-y'^^rc p 3 

k s o-A-x7-<;^LPF3i:^J:01««$^l.. « 
E$iJffll%SSI2 1{i, 4gOHgjA>y7rAl-A4Sr 
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D3tt. HHJKifiKBDi vifciOafSSiifc^D-y 
? £^ftl> fc iK, U 7 r V ? o y ? ref . CLKSr 
gtt. «I*ifcfctt«JtKU UP/DOWNft^Srf-v 

— >'^yrc p 3 fcffi A-ti . **-sw vrc p 3 . 
n-;U7 -f - L P F 3 (c J: 0 W»*E v 3 £4u£ 
t N .'ftfrfrmfj; n* >y 7 r A 1 ~ A 4 fcflHt £ -tirT fHffil 
U VEMMIMI2 1IC3 12. 5MHzWffl»3R 
(SI3200ps) ^n-y^*«RUTV^. «JE 
«M»fi»2 1*»fe±it*5iaBl^o-5r^CLKa, CL 
KbjWROiBSfU lilM-^-WJ^^B 

■y ? u i3 a >j ass i o i*ico<affl$ij$» 1 1 ^ttte-t 

S. firfflo-y^^-7*202rffiffl-rS-i:t<J:0^t 

[0015] m$mm i i t4, rvtivmrn.^ 

fc LTIJWiU sMWcjfitrffifflWfPHIRl 1 Jfy7 
^N''J@gS10ttt^ixS^»I^D>y^CLKa, C 

LKb *»t* 1 1 tiz. ff-tjaasp 1 3 *>4«IWKBE 

V2£glt$. £ tfHWflHKE V 2 fcfi£->Tia&* n -y ? 

o mmmft o . wmmm 1 1 14 •jtwijww* 

Sil/SlHB^Ov^ ^Dy^CLKc, CLKd 

k?Z. ) it. SSo-y^-T-l 2fcHtfjS*i6. 
[0016] Unr^ri 2(4, BROSM'*? 

7rB i~B8 zm$ix%iw£.m®mw& lit. 

ztilzW^&mi&ffiPDik. ++-$S#y7C 

Pit. a-A-X7-f/k?-LPFli:#>4>&&. Mlft 
?07?CLKc, CLKd(i, -ggOHUMN'-y^r 
B 1 RVimUMftP D 1 iZAJlZtlh . 8SgOl^ 
A'-y 7 r B 8*>£>J4, tSHffiffi&ft 1 4 S:M3SL£A 

ft^Q-y^CLKe, CLKft1"2>. 
CLKc*^D7^CLKeC, ?n>y?CLKd#? 

n-y^CLKf (ciofckf 6. ) jWMj£*u fiffltt; 
sgfgPDlKATJSftS. {ifflit$$sPDl{4, ?Oy 
^CLKct^O'/J'CLK f&tf?o-y?CLKdi: 

?D7?cLKe ^fifflitK LmwM^mta-t^ . a 

fflJt«2SPDl(4, ?07?CLKf (CLKe) COfi 
ffl^07?CLKc (CLKd) «9{iffi4 DfiiVCV^ 
tHiU Pflv£, Jt^'V^JfDOWNfi-^^f-v-x 

yU7-(/^LPFlli ffi«it«*SPDl*»^fflffl 

Bl~B8^0tii-f. 

[0017] ftfettlcaSn y 9)V-T 1 2 tfUJK L£ 



CLKf (CLKe) c7)A*>±*^X-yv't „ fSEHfl 
S®IS14^ji3a-ri.Hiro^a'y^CLKc (CLK 

d ) coiLib±mx- y ^fiffl^'isisB-ri. . 

«E0J{SKl®«ai4{i, 3 12. 5MHzf)^jSitc7)^ 
0 . x ^^^cJ>fcS 1 6 0 0 p s<9&£S@9ia£ 

TJ4, «E*J^S®H 1 4 £«WM-*«IS»A >y 7 r B 

JEV1M?L< 1/0>3><TC\ #ii^77TBl-B 
8<^aBIg«rBU4. 8£jBB5ISIfcS 1 6 0 0 p s £ 
A'77r W^8ttU-:2 0 0 P s S® 

□•y^/u-7-i 2<mm\mz£r>xMmw8mi 

IKHLfc J: d fc, «ffi$iJ1ilSSi^ 1 4 rtc08S^H»I^' 
•y 7 r B 1 ~B StfMHBWI^SfcfiWsii* . -f%*> 
16ffl<7)^ffl^u-y^CLKl~16WK«-tl.ffl 
raPS^^K 1 6 0 0 p s/8 = 2 0 0 p s £&&4 otC 

[0018] mffifflffiljISfS 1 4 ft(F> %Wimi* >y 7 
rBl~B8^#ffl^*^t4, 2 00ps-fofi[fflOS 
5ro/i8*t(Olll6^P«y^3WRDai§ii, Cltl^ny 
A'-;fC V 1 teJ fcS«S*l* t 

«|*»fe*«IMMI**Ut<0%. #fifflit!i^sPD2 
fcffl^Sii*. -r=5r^^, IIn7?;^712lt ^ 
ffl^D.y^CLKl~165r^-ri»aS']Sr*L, ft^ 
MSa513J4, d?)#ffi?n-y?CLKl~16£gtt 
S. g®p-yi?;P-7-l 2{c4 0ffllSlfllSom^ffl^ 
P77CLKl~16*^StL. flre*JJl*13fc:« 
fi^«ffla513(4i^ffl^n.y^S:ffl( ( \ 

wm\ 3izffiibnh8wm®itifflisPn2co*ti 

-WU4, 1 6ffl^fi?O7?«5*)200psfo<r) 
2 . 5 G b p s <7)x 'J 7)V?JlT—9 k VfflXQWM 

#*{BA-ti. e-f«ra»i3tt. i<oup^ do 

fnimizmmithtcMz, &wm®&i ltfr-t- 
n7Mwm.x'h&<?>x'®\mj±v 2Z£j&l. <m%iffl 

1 3 WBEV 2 SrSttS k . MX/, z <r)$mw± 
V2tta!-5Tlli)^D-y^CLKa. CLKbcOfifflS: 

0SS 1 1 14 O&ffl^JtSPSii^llB^ 0 7?CLK 

cCLKdli. a®n-y?/P-7-l 2tCttJ7l$^l.. 
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[ooi9] aTmrnizmuztmrn'omztiz 
<k y s ^-A-iryry y/M? o * ? y #A*y 0&& i 

7CLK1-1 6«fflFSIS£ffga<&*>. J&O. T- 

nni>tzw&<n%Bm*^Ltz. mm. 07 <b> t 
t . t>r y y/s? o -y ? y hk i o 

^lottm&^lvv? (CLK1, 3, • • • ) 
tf-f-^t'-y KOX^fc, Wfw^o-y? (CL 
K2. 4. • ■ ) #T-*tf-yHO+ffc&fflte£TH 

?y#/<yiiis&i ofciWf. MSf^n-y? (c 

LK 2 . 4 . • • • ) A^r-^* ? TO=BBPUc 

^ ( mem. vtzsm x-*>7V vy-th z t ttx- 
-?<?><m$mizmtzith i i». 

[00203 ft^MSSB 1 3 tftfMHi. ts^SffiSr jlffl 
LTHi&tS.Ifca'TS, ®«%BBtf # 
lc. fi-9*&9ftl 3 (n-%WrmW,z^> << ^XWM h . 

P , DOWN«*£%fc«W«flEV4 
JMWWMti: LT . ft^»IHS§ 1 5 1 . f-r-S^KV 
7°CP2i:. 4 ))s?LPF 2 tt:WL&. ft 

#jlKIEI»15(CJi, ^^EJK&tfWMtfffl^ 

[0021] 8«^>fflffitt!«»P D 2li^fllli. 1 
6ffl^ffl?D7^^200ps "f -PCOfiffiMTjl 
«tfc3«1*ot«V\ A*T-^t^ffl^n y^O0 
CDimttMZ'tT o . Witf, ft8«^)3ffl^^n-y^C 
LKl.2,3. CLK3.4.5. CLK5.6.7. CL 
K7.8.9. CLK9.10.lh CLK11, 12,13. CLK 
13.14,15, CLK15.16, 15r-ffi-fo8<lc0{4ffljtl^ 
PD2cr)Ztl?tlX'nm?&. 07 (b ) Xt408tC^ 
•f i o £. j£BSL-C 2 0 0 p s-f-3ffiffl££ftofc 1 6 
ffl^D7?tCLKl, CLK2. CLK3. • ■ 

fc, 0 1 (3S$*l*a«n 7 i 2{4HllfltJSf 

hhtzisb. &Mh'<-y7TB l~B8fr£>tfc>j£;h.l>M 
Kj^o-y^ii. HKj/<-y7r B 1*»A>JIS(C. HfiJ^o-y 
?CLKl-9. CLK2-10. CLK3-11. CLK 
4-12. CLK 5 -13. CLK 6 -14. CLK 7 -15. 

CLK8-I6t&.i>. ztiba&bfvvrtf-ayrt- 
?cv i saatfca. a±*«*o{iHBifc«E»PD 2*» 

£>)i£. MLfc3«tf)?n7;CLK1.2,3, CL 
K3, 4, 5. CLK 5, 6, 7. CLK7.8.9. CLK 
9,10,11. CLK11. 12,13, CLK13.14.15. CLK1 

5, i6, i * j -s-roA^ j a c, mum 1 fc* 



[0022] mfcth 3ffi<9? a -y ? ^'-S-foA^ § 

iifzmmm&PD2temitm'&\ ?a>v?tf 

T-^^Lfifflj&WCV^fUPfi-tSrai^L. {4 

ffl*^-evvhtfDowNe#*tes*saia»i scaj 

{4. effiJt«^5PD2*^UP/DOWNfi-t^ftS 

«tc. 8fflcofifflit®SIP d 2<r)&l)m&<r>§>m&M 

i>„ stt. e^«3i0»i5rtt«jfis*is¥i%flaii 

S&li. 3*ftS*ifcU P/D OWNm^^HI^Tfe; 
£t&. Wt§iX^UP/DOWNft^. f-V-v' 

^yrcP2fctu^§it. f- j r-v^yrcP2tcm<t 
(oimm£-r&. zco^mzx^x. up/down 

L&V^) XolZ. UP/DOWNCDt'hbfrtf-UMZ 

*oiz>mLx^z>. ■rbhhtmwm®® 1 5M,zm 

m&friM&zit&y < . *-ir-s> 

^yrcP2t^m§^m?t{4. MitrsfeKa- 

/N-X7^;W^LPF2 5:3i-o-Cr-7-n^-ft;§ti. 0Jffl« 

ev 2 fc Lxri-uymm<r>mmim 1 1 cm* 
s#i*. ttz. mmwm \ 1 srr^^^*"jfflia<oe 

-;U7 -{ LP F 2 ^aS"f tfiffi^ffi^ 
Srffiffl$iJffll[llS&l llzitiji-f&kolzffiifcfh. &±9> 

\t-mx'h^x. mmmmzi->xi>^\ 

1 0 0 2 3 ] 02 fc#iHLT*JWitf>-*BSt*)# 

^^■-yN'-^yT" y y/s^ d -y 7 y y mss 1 0 
mm » iiBH-fi) . 

[0024] H2{C^-fJ: 3 C. r>7V V? 

o y ? 'J 'J @SS 1 0 Sr^-f-A' y^;khl-c 

h (n) a*ive*ifc:R»ts. 

20Srlog(t. i^&fflo.y^;l— 720fc:J:-5T£ 
^$ix^llil^o>y^Sr. ty 

ryy^a^n-y^y^^'yuiisi 0 ( i~n) iz%& 

-thlH&k-th, #f-^y*/kTtts ±iCLfe«f«cJ: 
y. ^ffi$^H»^D-y^i:|5l-^^eo^ffl^n-y 

^ Srff S i htfX'% h . liUi<7)J; 0 J: 

^ y *;H6i tf<r> 9 o y ^ y ^ ^ n* y 4 S fc OT<o <fc 

d^r»a^*S. "T=flr*)^» *-f»-(c. «E$"JfflH6fi 

fts«6ii:36*arv\ "f-w&vmiz^mm 

ffiUDES&l O^SIRLTt. mEBflWHBS^f-Try 
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(i=5:< „ ItmtxHkn? °^ HHBWitf J: WC. 

«bW±$r^. SSHfc. ^+y*^t*^SS^^HlSS 
£El£LTk. ^^u-,^^^V^MZ j m^h 
•m\tts: < . Jt«W^^^ n y 7 Sr^E-ftitf J: v tf) 

(WPSrfr £ffl?n-y?£^Tfiffl$JtiPS:fin 
( n >y ? U * A' U0K6O ) (CttRl/C, 

ttffltttflilBl 1 C±-3TSBHftfcffi«^»3iifcJt 

*WK(c AKfcIMB ? a y ? £(ifflJti£flP D 2 fcflttfr*- 
hZ\b £> . mtiz. jffltz? 'J t <r iDV+Mfttf 

a'U H1SS6 0 ) {^JtKtT . ? o -y ? 'J * A 'J <7>«jfWl 

c o o 2 5 ] mz. *%.wco®<r)-nm<DBB<?>*-^ 

U y/K 7 a -y ? U iJ * V 058 3 0 1 3 

^M^P<y^U^^'JHlB3 0(i, _k»«)*-.K— 
yygi? n-y?V tirtV ESS 1 0 b Wlfflz. fiffln 

i7o-y^cLKgSr^ti»^T'^i». *mm 
mnx-^-yyy'v yfMfvv ? u ®8§3 o 

Riot mmiz. mmmu 1 3 ftffifcjtsp 

@8&3 l^S®0'y^^-7'3 2* i #ffl««t^->T 

A' 7 7rci-ci6 Sriig LT*4«fflH«BHt 3 

yrcP4t, u—>*xy i iv-?— LPF4fc* i ^ : 2r 

[ 0 0 2 6 ] S®n -y ?^-7"2 O^&OfcbSftfcll 
Wl? a -y ? fi a y ? c V 2 C J: -5 X M»fi^#> fe# 

h. -e^S, 3yA-^CV2A>«ffl<0?O7?C 

LK«*«ajAs#i. ffiHW»0»3ifcAa*h.*. -e 

^Uy? (?n 7 ?CLKhi;tS. ) Ji. ggn-y? 
;l^-T3 2i*K9-&Bc7)A-y 7 r C 1 RVtmtmisP 
D4fcA}j£ftl>. 16SI«A 7 7tC16KI1 
tE«« 3 4 £>ffi& L^n* «y 7 r C 1 ~C 1 6 ff> 



m-SmZ^tfrhtu-y? (?D7?CLKitt 
6. ) tffflASfu {SM*tt8»PD4fcA*$*i4. ffl 
ffiiU8BPD4tt, ?n7?CLKhi?07;CLK 

1 Sffiffiit«HSHaiRIIS:*art-fc. fifflibl^PD4 
{± N CLKi<0fifi*7D7?CLKh(OttfflJ: , )liX 
■OtfUfUPf|^£, jt^'V^tfDOWN{i-f-5-^A' 

-^yrcP4tai*-r2». ft-^y7CP4, 

oW7<^LPF4tt, fifflit«SPD4*»^ 
Cl-Cl 6^iI0ai-t. 

[0027] Vfm&S&a >y ^ f^-y 3 2 UAc 

CLKi ^±*>±*« 0X7y't, «E$iJfflia®S 3 4$: 
jB§"tS HUO^ D7^CLKh coi:*>±* { 0 X -y i/COfi 
ffl*«H«W-4. *<0tt», mffi«iJffllS^83 4«i. 3 1 
2. 5MHz<Dig^:^^0-y^c7)— ^C$>^^>3 2 
0 0 p s <a&&m&mi:1trr>Z b fc** . S^Srffl 

mmmvM&ss&mirt'y yrmmx-mttzm 

HWW6#^77tC 1~C 1 6«»tt**K, 

?tiizmztiz%mm&v 1 t^L< lt 

#A* y 7 r c 1 ~c 1 6 vi&ax&mt* t£$mm 

Bfc432 00ps^-y7T«gBBW:*l 6THtft 

2 0 0 p s fcfc*. S®° -y ^^-7*3 2tf)«3ll!«K 
J: oT«ffi»lffllS®ll 3 4 <DMmm®tf-&z%&± 0 

tzMmtix^z. uimwitzXoiz. mmmwrnm 

m 3 4 WW 1 6 n" -y 7 r <OSji^B* 5 -^t^/iit 
16ffl^ffl?n7?CLKl~16<0 
BlgfrSfflSRI^atC 3200ps/16 = 200ps 

[00283 mffii«SB£& 1 4 [*l<7) 1 6S«A' 7 7 r 
C 1~C 1 6*>4HMJ*»fctt, 2 0 0 p s-fo(5fflc7)S 
^o7tl6^D-y^**K0ai§a, mtfrh3#<7)9 
n-y^*<-ffl1 t O#[afflJtl!^PD2taj^$ni». 0 
7(b) XtiH8(C*-fi: 0 IZ. mftLT 200psf 
6ffic7)?a-y^tcCLK 1, CLK 
2. CLK 3. • • • , CLKI 6«J8TRF#*WtS 
ifcfc-rs. f 6k. H3t^$ixl.S®o-y^;i/-7- 

3 2liA' 7 7rCl~C 1 6 b LXA >X—9*Wftt 
&<DX\ #a'77tC1-C 1 6*^l±57]^^l>^o-y 
i7(i. A' 7 7rClHI(:. ?07?CLK1, CL 
Kl(h CLK3, CLK12, CLK5> CLK14, 
C LK 7 , CLK16, CLK9, CLK2, CLK1L 
CLK4. CLK13. C LK 6 s CLK15. CLK8k 

m±-&m<7)mwffip d 2*><oiit, urnta 

3fflcO^D-y?CLKl,2,3. CLK3.4.5. CL 
K5.6.7, CLK7.8.9. CLK9.10.1L CLK 
11,12,13. CLK13.14.15. CLK15.16. l^'-ffl-fo 
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m>w.m®& ix < . &{fflitms p d 2 taasw- 

?.3ffi^n y^A5-a-roA^$it^. ±j£cd*~ 

a*— fryry >ym.7 o y ? 'j #a*>j ass 1 0 Piato 

g^ftSl 6ffl«#ffl?D7?CLK 1-1 6f)fflia 

[00291 tLtcO J; 0 fc, *HSS^@c7)^-yN'-^y 
7*1) y^S^o-y ? UtfAD 0S&3 Ofi, fiffiSllffillHlS§ 

3 1 RVWMu «y ^/U-7-3 2 £<mffimz'f&ff)X\ 
^fgiOCMO S ny 7 ^^ti^i ^ 0 , 
^ 7 -.jy^S^O-y^'J*^' , JHIS&l 0, 4 0. 6 0 

l!?a-y?y#AU|l]S&4 0fci>Vvt, flffifcfflf&Sfl 

4 1 lr*fa^fc-r^ i: if? ?W&nmm*m< 

•y 9 y * a'u tass 3 0 a. ttnmwuK 3 1 &t«igo 
>y ^-7*3 2 ^nmm,z^h<nx\ znxoz&t 

-a— 9-^7-y y rm? o -y ? y axy ess 3 0 1 . * 
-a— if yry y^a^o -y ? y #^y mss 1 0 1 
fc. z^y&vni'VTivxft-hZ^YJyi/-^ 

[0030] 

rzffit. mmmmuz x 0 amx&Bw? o -y ?o 
ii-rizz *)mimiz!&gzm*x'wmifc&^ 

Tivx^i^-Ty^iv^-f^h^y^-^zm^Ltz 

? o -y ? * 4Jftt 5 i t aP? * i> t v > 3 



[HffiOlS*^^] 

[01] *%pnn-nMmmcD*-rt—vyTV y 
rm? u<y?v fit* u ass 1 0 ^^-r /o ? ? essh 
[@2] *%w<D-mM<mmco*-rt-y-y7V y 
ym.? o -y ^ y a a y hiss 1 0 z y */nwtfcK 

m. LtzffitfLZK-fzra >y 9 ®S&0 
[03] &mi<nttLe>--%Me>MBcr>*~-rt-y-y7 
\) yyw? n -y ? 'J * A 'J BSS 3 0 £^rt:/o y ? 0S8 
0 

[04] fi^-wco^ws'-ifyryy^s^oy 
? y axy 0S84 o orn -v 9 mm 

[05] tS!*CO-WIO^->'N'-' , f>'7 o yy^M^U>y 

9 'J #><U 0SS4 0 fc#?-*y*/ld*!WcERLfcflMt 
S^-fO^a>y^IlISI0 

[06] «EM«»«H**f-+>^W=*tUt-o 

tL. m^uy^i^^y^Mzm^-rhmmm 
[07] jjws-ir y y^s^ a y ^ y * ^'y £ 

K»$-6fc*>0>'f*-* ^ n v 9<r>wmxhh. 
[08 3 *-A-t y yy$L? o -y ^ y y Sr 

1 l-{2ffiMfPQ» 

1 2-a@P-y^;P-7° (DLL) 

1 3-#§-*!UI8ff 

14, 22. 4 2-<ffitm9Slt 

2 1,4 1. 5 1-«fflBWKWai 
2 0, 5 0-fflPfflOv^;P-r 

PD1. PD2. PD3. PD4-&fflit$S§ 

cpi. CP2. cp3. cPA-^-'J^yy 

LPF1. LPF2. LP F 3 . LPF4-D-;«7 

DIV1-«BHKWS» 
cvi . cv2-n>A*-^ 
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[H2] 



ref. 



CLK • 



21 vcq »D*L 



"20 PLL 



-I I 

.J 



oh1. 




12 DLL 

a a a a a airgr 



chZ. data 



" V2 



13 m%im& 



ch(n-l) 



ch(n). data 



V 



10(1) 



r 



10(2) 




10(3) 



10(n-5») 



10(n-1) 



10(n) 
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[05] 



ch1. data —/ 



V4 



41 VCO 



19 «mn 



ch2. data ~/ 



oh(n-5Xdat« ~7 



ch(n-1?.data -7 



ch(n). data -7 




40(1) 




" 40(2) 



' 40(n-2) 



V 



40(n-1) 




- 40(n) 
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[06] 



50 PLL 



ohl. 


















1 








• i 







1J_ 



11. 



IL 



IL 



UL 



JLL 



i3 wmwa 



ch(n-1). c 



1J_ 



IL 



4 



• 60(2) 



K 



60(3) 



1L 



1L 



13 fl*HM* 



-60(n-1) 



illiil A AAAAA 



Mi- 



ll. 



IL 



IL 



IL 



IL 



oMn). 



V2 



60(n> 
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im7] 



(a) 



data Xp)C 

CLK1 |" 

CLK2 

CIX3 — I 
CLK4- 



(b) 



data X|ZXi 
CLK1 _I~ 

CLX2 

CIX3 . 



CLK4 _ 
CLK5 

CIX6 I 

CLK7 



CLK8 . 

CLK9 I 

CLK10, 

CLK11 

CI XI 2 

CLK13 

CLK14, 
CLK15 - 
CLK16 
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